Sn-xAl powder complex materials are used as coating in building materials. This study coats complex colloid mixed with Sn-xAl powders and polyethylene on glass to examine the shield effect on electromagnetic interference (EMI). The results show that adding Al to the Sn-xAl powders can increase the electromagnetic interference (EMI) shield at lower frequencies. Notably, the number of cavities in the coating layer increased with the coating thickness, with the result that the EMI shield could not improve with an increase in the coating thickness at higher frequencies.
Introduction
In recent years, some research in epidemiology journals has found that people who have been exposed to a high electromagnetic environment for a long duration become more susceptible to leukemia and brain tumors. 1, 2) In addition, Bioelectrochemistry journal indicated, 3) that electromagnetic waves of over 60 Hz will cause damage and variations to the human body's DNA structure. Relevant literature has shown that people who are exposed to a high electromagnetic environment for a long duration become more susceptible to diseases than normal people. [4] [5] [6] Therefore, how to use building materials to improve the electromagnetic environment is not only a very important issue, but also conforms with the objective of green architecture. 7) Electromagnetic interference (EMI) is a new form of pollution discovered in recent years. [8] [9] [10] [11] [12] As of now, many laboratories investigate the technology of electromagnetic interference (EMI) shielding. Some surface technologies possess better EMI shielding, including conductive films [13] [14] [15] [16] [17] [18] [19] [20] [21] and mixed conductive powders. [22] [23] [24] [25] [26] [27] Problems such as wear, peeling, oxidation, hard-working and expensive cost have resulted in the applied capacity of building materials to decrease. However Sn and Al not only possess EMI shield efficiency, but also have acceptable costs 28) and can be used to make Sn-xAl powders through a simple process, after which the Sn-xAl powders are mixed with polyethylene to perform the coatings. This study uses Sn-xAl coatings mixed with polyethylene not only to analyze the characteristics of the powders, but also investigate the effects of differing Al content and thicknesses of the EMI shielding so as to further understand the potential for use as a building material.
Experimental Method

Synthetic complex paste
This study selected three kinds of Sn-xAl (x ¼ 20, 30, 40 mass%) powders to perform the EMI shielding experiment. The particle size of the irregular Sn-xAl powders was in the range of 10 mm-60 mm. The polyethylene (x ¼ 20, 25, 30 mass%) was mixed into the Sn-xAl powders to form a complex paste (Sn-xAl and polyethylene). Next, the paste was coated onto a glass plate of dimensions 20 cm Â 15 cm Â 2 cm. After scraping-form 29) and solidification treatment at room temperature for 72 hours, a rectangular coating film of 20 cm Â 15 cm was obtained. After coated, the microstructures of the coatings were determined quantitatively using a X-ray diffraction (XRD). The Cu-K standard ( ¼ 1:5403 nm) was used and the scanning angle was varied from 20 to 100 and the scanning velocity was 1 Ámin À1 . In addition, the number of coating layers was varied from 1-layer, 2-layers and 3-layers (hereafter referred to as x-L). The thickness of each coating layer was in the range of 50 AE 10 mm. In order to understand the difference in characteristics of the powders and the coating layers, the structures of the affected regions were examined using a scanning electron microscope (SEM) to clarify the electromagnetic shield effect of the present Sn-xAl powder systems.
Electromagnetic interference shield test
The Elgal set 19A coaxial holder was used for electromagnetic interference shield testing. The range of scan frequency is from 300 k to 3 GHz, and its accuracy is AE10 ppm (25 AE 5 ). A plane wave was used for vertical firing. The frequency range was controlled from 50 MHz to 3 GHz. Each datum was the average of at least 3-7 test results.
Results and Discussion
The appearance of the Sn-xAl powders is shown in Fig. 1 . We found that the Sn-20Al powders ( Fig. 1(a) ) and the Sn30Al powders ( Fig. 1(b) ) were similar in shape. The size of both particle-like powders were in the range of 10 mm-40 mm. However, the brittleness of the Sn-xAl powders increased as the Al content was raised, resulting in the shape of the Sn40Al powders showing a whisker-like, not a particle-like ( Fig. 1(c) ) appearance and the whisker size was around 20-60 mm. So, the particle size of the present powders was selected to be 30 AE 10 mm. Notably, the structure of the Sn40Al powder was looser than that of the other Sn-xAl powders. In fact, the particle size of the Sn-40Al powder was the finest after a distribution process.
In our previous studies, we used Sn-xAl powders mixed with polyethylene 25 mass% to form a paste of suitable viscosity. In the present study, the content of the polyethylene was controlled at 25 mass% for mixing with the powders. The pastes were mixed for 1 min, then coated 1-3 layers on a glass plate. Hereafter, the specimens will be designated according to the no. of layers as x-L, x ¼ 1, 2 and 3. The thickness of every coating layer was around 50 AE 10 mm. The multi-coating substrates were solidified at room temperature for 72 hrs, after which structural observation and EMI shield testing were performed. (c) Sn-40Al-3L Figure 2 shows the surface characteristics of the Sn-xAl coatings. Comparing Fig. 2(a) with Fig. 2(b) , no obvious difference is found on the surface of a single coating. Although the particle size of the Sn-40Al powder with a loose structure is larger, the mixing process had a dispersing effect which refined the structure of the solidification coating layer. This effect also reduced the roughness of the coating surface. For the 3-layer coating substrate, the surface characteristic was similar to the 1-layer coating substrate (Fig. 2(c) is a  magnifying observation) . Notably, the roughness of the coating surface had a tendency to increase as the number of coating layers increased. Figure 3 shows the EMI shielding data of Sn-xAl with a single coating layer. The experimental frequency range was from 50 MHz-3 GHz, and the decibel (dB) value at four fixed point frequencies (300 MHz, 900 MHz, 1.8 GHz and 2.45 GHz, as shown in Table 1 ) were recorded to analyze the EMI shield efficiency. Regardless of the Al content in the Sn-xAl powders (Fig. 3) , the single coating had no EMI shield effect. Notably, when the number of coating layers was increased Electromagnetic Interference Shielding Characteristics of Sn-Al Powder Coating Layersfrom 1 to 2 ( Fig. 4(a) ), there was an obvious effect on the EMI shielding ( Fig. 3(a) and Fig. 4(a) ). In addition, the EMI shielding at high frequencies was better than at low frequencies. The EMI shielding data of the 3-layer Sn-20Al coating is shown in Fig. 4(b) . Except for 1.8 GHz and 2.45 GHz (see Table 1 ), the EMI shielding of the 3-layer coating was better than the 2-layer coating. Therefore, it can be seen that the EMI shielding effect is not certain to increase as the thickness of the coating layer increases at high frequency conditions (! 2:45 GHz). The same result was also found in the multi-Sn-40Al coatings ( Fig. 5 and Table 1 ). Figure 5 (a) shows the EMI shielding data for the 2-layer Sn-40Al coating, while the 3-layer coating is shown in Fig. 5(b) . If we compare Fig. 3-Fig. 5 and Table 1 , we see that the 2-layer coating processed excellent EMI shielding for all present coatings. For the Sn-40Al coating, increasing the number of coating layers from 2 to 3 deteriorated the EMI shielding at frequencies of more than 900 MHz. Comparing  Fig. 4(a) with Fig. 5(a) for identical 2-layer coatings, the EMI shielding of the Sn-40Al coating was higher than the Sn20Al coating at low frequency testing. However, this tendency was reversed at high frequencies (see Table 1 ). In other words, the Sn-40Al did not improve the EMI shielding at high frequency conditions, even when the number of coating layers was increased. So, it is safe to say that the Al content of the Sn-xAl coatings affected the EMI shielding at different frequency conditions. At low frequencies, the high Al content coatings had excellent EMI shielding; the low Al content coatings possessed better EMI shielding at high frequencies. In order to understand the mechanism of EMI shielding, the X-ray diffraction (XRD) of the coatings and the electrical conductivity of the powders were measured. Figure 6 shows XRDs of the Sn-20Al-2L coating and Sn-40Al-2L coating. The results show that the microstructure of the Sn-20Al-2L coating is similar to that of the Sn-40Al-2L. The solid solution limit of Al was low in Sn matrix, and the Sn-Al precipitated phase not only affected the brittleness of the powders, but also induced a variation in an electric conductivity. These are 2 reasons why the Al content was closely related to the mechanism of EMI shielding.
Relevant literature, 30) as well as the present results, indicate that Sn-40Al undergoes a dispersing effect which forms a fine overlapping structure, thereby improving the low frequency EMI shielding. In addition, the Sn-20Al powders possessed the properties of a small particle size, closed structure and higher electric conductivity ($6:18 Â 10 À5 (-cm)) which improved the high frequency EMI shielding ( Fig. 7(a) ). Take Sn-40Al coatings from 2-layers to 3-layers for example, the void content will get up $12 vol.% (from 5.3 vol.% to 17.4 vol.%) resulting in the electric conductivity to decrease. The most likely explanation for this is an increase in the thickness of the coating cannot improve the high frequency EMI shielding (Fig. 7(b) ).
With respect to use as a building material, the high Al content coatings had excellent low frequency EMI shielding and acceptable cost. Furthermore, most environments have a low frequency electromagnetic field, so using the Sn-40Al coatings in the interface of building materials can promote the EMI shielding.
Conclusion
(1) The electric conductivity decreased as the Al content of the Sn-xAl coatings increased. However, the fine overlapping structure promoted the low frequency EMI shielding. For low Al coatings, the amount of Sn-Al compounds decreased which increased the electric conductivity and improved the high frequency EMI shielding.
(2) Because of an obvious polyethylene effect, the single layer coating had no EMI shielding effect. Due to a large number of voids, the EMI shielding of the multi-coated specimens deteriorated. 
